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EDITORIAL. 


Fluorescence and Phosphorescence and their use to produce Luminous Effects. 


To those concerned with lighting problems there has always been a 
fascination in the effects of phosphorescence and fluorescence and theif 
possible future application to produce a “cold” self-contained source of 
light, capable of giving a luminous effect for a limited period without 
extraneous stimulation. Anyone who has studied these phenomena cannot 
but be struck by their intimate relation to the fundamental principles of 
light-production ; we seem to get here, as it were, a glimpse into the complex 
motions of atoms and electrons by which light vibrations are set in action 
and to touch upon the underlying processes on which the action of illuminants 
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is based. The subject is therefore of great scientific importance, and the 
discussion opened by Mr. F. Harrison Glew at the last meeting of the 
Illuminating Engineering Society (see pp. 72—83) should be read with 
deep interest. 


The matter was discussed from three distinct aspects. Mr. Glew 
gave an explanation, accompanied by interesting demonstrations, of the 
nature of phosphorescent effects, as exemplified by their use in the form 
of luminous paint. Mr. A. Blok discussed the measurement of brightness 
of phosphorescent and fluorescent materials, and Mr. Dow dealt with some 
of their possible applications. 


Apart from their interest from the purely scientific standpoint, these 
effects have already found practical application in the form of luminous 
paint. It has long been known that many such substances would glow 
after exposure to light, but the luminosity thus excited is somewhat 
transient, and therefore attempts have been made to produce continuous 
stimulation giving a.more sustained effect. The most successful method 
of stimulation appears to be by incorporating in the light-yielding material 
(generally zinc sulphide) a small percentage of radioactive substance. 
The ‘“ alpha rays”’ emitted by this substance excite a steady luminosity, 
and the intensity and duration of the brightness produced varies according 
to the composition of the sample. It was stated, however, that the order 
of brightness met with in commonly used materials may attain that of full 
moonlight on a white surface (about 0-02 foot-candles). It is not uncommon 
for the brightness to fall by 50 per cent. in the course of a year, but in some 
preparations containing a high radium content, the decay may be very much 
more rapid. 

On such points little reliable information has yet been published, but 
it was intimated that tests are being made and fuller information may be 
available after the war. Mr. Blok and Mr. Paterson described various 
methods of measuring the relatively feeble luminosity of such substances 
indicating some of the difficulties which photometry presents at such low 
illuminations, and with more or less monochromatic light. In these 
circumstances all the peculiar characteristics of the eye at low illuminations 
are very evident, and this naturally makes it difficult to make comparisons 
on small samples. Nevertheless it is clear that expert photometry is a 
- great aid in such investigations and may bring to light many unsuspected 
effects. It is somewhat singular that while so much has been done on the 
chemical and physical side, very few measurements of the actual luminosity, 
the factor of greatest practical importance, have been published. Here 
surely is an ideal opportunity for the chemist and the expert photometrist 
to co-operate. In such investigations, however, it appears necessary to 
bear in mind the physical peculiarities of the eye referred to above. Some 
observers have found, for example, that a small patch of feebly luminous 
material appeats very much less bright than a large area ; it would therefore 
be desirable, wherever possible, to work with surfaces of fairly large size. 
Another point to which attention has been drawn is the difficulty experienced 
by the eye in bringing the green, and especially blue and violet, light to a 
focus at distance exceeding a few feet. While this effect is not of very great 
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importance so long as the paint is used for objects seen at close quarters 
(small figures on dials, &c.), it would be helpful, with a view to the use of 
such materials on objects to be seen at a distance, if substances giving 
suitable phosphorescence in other regions of the spectrum could be produced 
in sufficient quantity. 

The “self-luminous ’’ paints, containing radium, have already proved 
their utility in many special directions. In view of the effect of the radium 
content on expense and on the useful life of such substances it seems very 
important to determine not only the brightness and life of different specimens 
but the order of brightness necessary for different purposes. 

In the case of ordinary luminous paint, prepared to glow after exposure 
to light, we have little information as to the brightness attainable with 
different excitations, and the time during which an effective luminosity 
persists. Bearing in mind the comparative cheapness of such material, it 
seems desirable to have fuller information on these points. Doubtless the 
preparation of such materials is as yet in its infancy, but already attempts 
are being made to utilise them for coating objects which it is desirable should 
be seen in the dark; it has been suggested, for example, that during the 
darkened condition of the streets luminous paint might be applied to render 
kerbs, lamp-posts, &c., readily distinguishable. It would be very useful 
if specific data on this point could be obtained. Once it was shown that 
the brightness attainable, and the period of its duration, were sufficient 
to give a distinctly useful effect, the way would be opened up for the practical 
exploitation of such substances on a larger scale, and a great impetus would 
be given to the systematic study of such substances and their commercial 
exploitation. 

Of equal interest is the possible exploitation of these substances to 
produce colour-effects. The demonstrations by Mr. Landau in the course 
of the discussion served to show what a variety of colour can be obtained 
by the stimulation of various substances under the light from an iron-spark. 
The range of colours attainable that will “ phosphoresce ”’ (#.e., continue 
to give light after excitation), with sufficient brightness to give a striking 
effect, is more limited, but even here quite beautiful effects have been 
produced. While, for the present, strictly utilitarian applications of 
phosphorescent substances naturally must receive prior attention, their use 
for aitistic and theatrical displays, for luminous signs, &c., will doubtless 
be studied more fully after the war. 

There are, of course, many other possible applications of phosphor- 
escence and fluorescence.. In the screens used with Rontgen ray apparatus 
we have another familiar example of the utility of the fluorescence effect. 
Here, again, there seem opportunities for exact methods of measurement 
in judging the deterioration of such screens in course of time and in deter- 
mining whether any apparatus is working at its proper efficiency. There 
are also the interesting series of effect in gases, illustrated by Mr. Landau 
by the exhibition of the ‘“‘ shaker ”’ tubes containing neon gas. 

To many of the most important applications of such substances 
namely, those in connection with the war, we cannot refer at the present 
moment, but we hope that at a future time interesting particulars will be 
forthcoming. 

Enough has, however, been said to show that the whole subject 
of phosphorescence and fluorescence provides a most fascinating field 
for study. We commend the subject to the notice of members of the 
Illuminating Engineering Society. 
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Scientific Research in the United States. 


It will be recalled that a few months ago we drew attention to a Report 
issued by the Science and Industry Commonwealth Advisory .Council in 
Australia, of the steps t eing taken for the promotion of industrial research 
in that country.* 

We have now received a copy of the Memorandum prepared by Mr. 
Gerald Lightfoot on “‘ Organisation of Scientific Research Institutions in 
the United States of America,” after his visit to that country in February 
and March, 1916. Following this visit Mr. Lightfoot accompanied the 
Rt. Hon. W. M. Hughes, Premier of Australia, to this country for the purpose 
of studying conditions of research here, and promoting co-operation in the 
scheme for the development of a Federal Institute of Science and Industry 
in Australia, on which he addressed the Circle of Scientific, Technical and 
Trade Journalists on May 16th, 1916.¢ Mr. Lightfoot’s report is opportune 
as giving a concise summary of the machinery, both State and privately 
aided, for this purpose in the United States, and should be of great interest 
to many of our readers. 

A broad distinction is drawn between National and State Institutions, 
privately endowed institutions, and industrial laboratories. Among 
seventeen State Departments that are more or less concerned with research, 
we note particularly those dealing with Forest Service, Public Health, 
Animal Industries, Entomology, and the Bureau of Soils, Chemistry, and 
Biological Survey. In addition there are such institutions as the Bureau 
of Standards and the Bureau of Mines. The former, to whose publications 
we have often referred, has an annual expenditure of £125,000, and much 
of the information obtained is placed freely at the disposal of the world, 
the system of distribution being, as we have recently had occasion to remark, 
extremely well organised. 

Of especial interest is the equipment of agricultural stations and 
colleges throughout the United States. It is stated that the property and 
endowments of such colleges exceeds in value thirty million pounds. The 
number of students is about 70,000, and one can readily imagine the effect 
of this steady influx into agriculture of trained men. 

Behind such State-aided institutions are the many well-equipped 
Universities and privately-endowed institutions (such as the Carnegie, 
Mellon, and Rockefeller institutes). In addition it is by no means unusual 
for the annual expenditure of many of the well-equipped industrial 
laboratories to reach £20,000—{60,000 per annum. Such expenditure 
would be a revelation to most manufacturing concerns in this country. 
We do not doubt that Mr. Lightfoot’s report will be read with close interest 
in Australia as well as in this country, and we see already, in the recent 
formation of the Imperial Trust for the Encouragement of Scientific and 
Industrial Research, gratifying evidence that the need of promoting scientific 
method and experiment on a far larger scale is recognised by the authorities. 
We trust that the efforts of Mr. Lightfoot and others who are working in 
a similar direction in Australia will find generous support. 


LEON GASTER. 


* IHlum. Eng., Nov. 1916, p. 333. + Ilum. Eng., Juae, 1916, p. 199. 

t Memorandum on {the Organisation of Scientific Research Institutions in the United 
States of America, presented by Mr. Gerald Lightfoot, M.A., F.S.S., to the Commonwealth 
Advisory Council of Science and Industry, 314, Albert Street East, Melbourne, Australia. 
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FLUORESCENCE AND PHOSPHORESCENCE AND 
THEIR USE TO PRODUCE LUMINOUS EFFECTS. 


(Proceedings at a meeting of the Society held at the House of the Royal Society of Arts, 


18, John Street, Adelphi, London, W., at 5 p.m. on Tuesday, March 22nd.) 


A MEETING of the Society took place as 
stated above, on Thursday, March 22nd, 
at 5 p.m., the chair being taken by Mr. 
F. J. Cursuire (Director of Optical and 
Glassware Munitions, Ministry of Muni- 
tions of War). 

The minutes of the last meeting having 
been taken as read, the President called 
upon Mr. F. Harrison GLEw to open the 
discussion on “ Fluorescence and Phos- 
phorescence and their use to produce 
Luminous Effects.” Mr. GLrew’s_ re- 
marks were illustrated by a variety of 
experiments, showing the excitation of 
luminescence in zine sulphide and other 
materials by aid of the tungsten arc, the 
production of phosphorescence in certain 
crystalline materials, &c. 

In the subsequent discussion, Mr. J. S. 
Dow, Mr. A. Brox, Mr. A. L. Lanpav, 
and Mr. C. C. Paterson took part. Mr. 
Dow pointed out the close relation exist- 
ing between the effects of these feebly 
luminous materials, and the condition of 


the eye at weak illuminations ; Mr. BLox 
and Mr. Paterson summarised some of 
of the difficulties in the photometry of 
such materials, and described some 
apparatus devised for this purpose ; 
Mr. Lanpavu showed a number of experi- 
ments, illustrating the production of 
fluorescence in various colours by the rays 
from a spark between iron electrodes. 
Apparatus was also exhibited by Messrs. 
H. F. Cox & Co. 

The Chairman, in winding up the dis- 
cussion and thanking Mr. Glew and others 
for their demonstrations, pointed out the 
importance of investigations in this com- 
paratively unexplored field, and ex- 
pressed his appreciation of the fact that 
the matter was receiving attention at the 
hands of the Illuminating Engineering 
Society. ° 

It was announced that at the next 
meeting, to take place in May, there 
would be a discussion on “ Economies 
in Lighting in Relation to Fuel-Saving.”’ 
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FLUORESCENCE AND PHOSPHORESCENCE AND 
THEIR USE TO PRODUCE LUMINOUS EFFECTS. 


(Introductions to a Discussion at a meeting held at the House of the Royal Society of 
Arts 18, John Street, Adelphi, W., at 5 p.m., on Thursday, March 22nd, 1917.) 


I.- THE PRODUCTION OF FLUORES- 
CENT AND PHOSPHORESCENT 
EFFECTS. 


By F. Harrison Giew. 


In general illuminants operate by incan- 
descence, .e., the production of light 
through high temperature. Other pro- 
cesses, not involving the action of heat, 
are termed luminescence, and are illus- 
trated in a few illuminants, e.g., the 
mereury vapour lamp and, to some 
extent, in flame arcs. 

To illuminating engineers the processes 
involved in luminescence have therefore 
a direct interest, apart from the wider 
aspects of these phenomena. 

One of the most familiar examples of 
such effects is the firefly, the luminous 
efficiency of which is believed to be far 
higher than that of any existing illuminant 
and other insects and marine forms of life 
have similar properties. The production 
of light appears to be due to chemical 
action. The glow of phosphorus (from 
which the term phosphorescence ”’ is de- 
rived) in the dark is due to slow oxidation, 
and luminosity may also be produced by 
the oxidation of pyrogallic acid and other 
organic materials. Such effects are 
termed “ chemi-luminescence.” 

“ Tribo-luminescence” is the term 
applied to luminous effects produced by 
friction, e¢.g., by rubbing or scratching 
certain crystals (quartz, sugar, fluorspar, 
etc.). 

Possibly the production of light in 
these cases may be ascribed to the 
electrification of the material by friction. 
I am showing an experiment to demon- 
strate how easily such electrification may 
be produced. If a pair of silk ribbons are 
held up side by side, and then briskly 
rubbed with a rubber or ebonite sleeve 
the ribbons separate, showing that they 
are electrified (Experiment) ; this simple 
apparatus is capable of detecting the 


presence of radium as the air becomes a 
conductor of electricity, being ionized. 

Pyro-luminescence is a term applied 
to describe the luminescence of certain 
crystals under the action of heat. Spodu- 
mene, for example, which has been placed 
in proximity to strong samples of radium 
becomes intensely luminous, giving a 
strong orange glow when placed in boiling 
water. Here we have an example of 
the transformation of stored radioactive 
energy into light, in accordance with 
Stokes’ Law; in no case is light actually 
stored as such. 

When the impact of visible light on a 
substance produces luminosity .of a 
different (by ‘Stokes’ Law” a lower 
order) colour, this is termed “ fluores 
cence.” The effect is exhibited by 
fluorspar and similar crystals. When 
the effect still persists after the cessation 
of the stimulating action so that the 
luminosity persists in the dark, it is 
termed * phosphorescence.” A good ex 
ample of fluorescence is to be found in 
the transformation of violet and ultra- 
violet light into visible red rays by the 
rhodamine reflector, used with the 
mercury lamp to modify its spectrum. 
Fluorescence may be excited by other 
forms of radiation, for example, that 
emitted by an X-ray tube, or the spark 
from an induction coil. 

Many crystals and precious gems will 
become luminous in these circumstances, 
and the method has been applied to dis- 
tinguish the genuine diamond from imita- 
tions. A real diamond will fluoresce 
when exposed to the alpha rays from 
radium, and there are some diamonds, 
though not all, which will also fluoresce 
under the action of ultra-violet light. 
(Experiment). 

By the suitable selection of materials 
a great range of fluorescent colours can 
be obtained ; there are, however, fewer 
substances which will phosphoresce 
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strongly in the red and yellow end of the 
spectrum. The colour excited by fluor- 
escence may be modified by mixing the 
material with other substances which 
themselves fluoresce by the light of the 
primary fluorescing material. 

Luminous paints which, after exposure 
to daylight, retain luminosity for some 
time in the dark, have been known for 
many years. Crystals of calcium sulphide 
phosphoresce blue, zinc sulphide green ; 
other materials give a less luminous effect 
in yellow, red, and other colours. The 
manufacture of such substances and in- 
gredients used to accentuate their action 
is a complex process, as qualities quite 
apart from chemical purity are required. 
For example, the form of zine sulphide, 
giving the best luminous effect on ex- 
posure to daylight, may not be that most 
suitable for treatment to produce con- 
tinuous fluorescence. 

The luminous effect induced by light 
in these substances is transient, diminish- 
ing greatly after a few hours in darkness. 
At the moment immediately after strong 
excitation a brightness possibly exceeding 
one foot-candle may be shown to exist. 
But in a fraction of a second this initial 
strong effect vanishes, and although there- 
after the diminution is more gradual, a 
brightness below that of a white surface 
illuminated by moonlight is soon reached, 
and half an hour afterwards the luminosity 
is very much less still. Experimental 
data on the degree of luminosity attain- 
able by strong excitation by sources rich 
in ultra-violet rays are needed, but the 
measurements involved, as Mr. Blok will 
show, involve great difficulties. 

I am showing an experiment to illus- 
trate phosphorescence. A cylinder coated 
with zinc sulphide is rotated in front of a 
slit, on the far side, receiving light from 
an are between tungsten electrodes, 
which is very rich in ultra-violet light. 
If this cylinder is rotated at a speéd of 
about 10,000 revolutions per minute, the 
side of the cylinder facing the audience 
becomes intensely luminous, being clearly 
visible, even with the lights in the room 
turned on. This phosphorescence is 
bright enough to match in brightness the 
illumination on a white card from a 
16 c.p. electric lamp, transmitting through 
a green screen, only a few inches away. 
(Experiment.) In this way we can 


reproduce the intense phosphorescence 
which exists for a small fraction of a 
second after exposure, but very rapidly 
dies away. 

The light is bright enough for the 
spectrum to be very clearly and easily 
seen through a portable spectroscope. 
It consists of a faint continuous spectrum 
with bright bands superimposed in the 
green. 

It is difficult to account for the presence 
of the entire visible continuous spectrum, 
and it is interesting to compare this result 
with the spectrum obtained’ from self- 
luminous zinc sulphide excited by alpha 
rays. This exhibits only a band in the 
green at low concentrations, but a con- 
tinuous spectrum is also visible with 
74 mgrm. radium per gramme of zinc- 
sulphide—possibly the continuous spec- 
trum is always present, but is in general 
too feeble to be seen, being overpowered 
by the preponderating green. I find the 
spectrum of the glow worm also gives 
some red and orange. 

Such phosphorescent substances have 
found various special applications. The 
strongest effect is produced with the 
substance in a powder, but, mixed with 
dilute varnish, it can be applied in the 
form of paint. 

The most important practical results 
have so far been obtained with the self- 
luminous paints, which consist of zinc 
sulphide with a small admixture of 
radio-active constituents. Radium gives 
off three forms of rays—alpha, beta, and 
gamma—-the former of which is respon- 
sible for the chief excitation of luminosity. 
Radium itself wastes away at a rate which 
will reduce it to half quantity in 1,000 
years. This alone, therefore, would cause 
an inappreciable deterioration in luminous 
effect. In fact, however, self-luminous 
paints decay at a rate varying accord- 
ing to their radium constituent. A 
diminution of 50 per cent. in brightn’ss 
in the course of a year is not unusual, but 
much greater diminutions with a larger 
percentage of radium have been recorded. 
Half value in about 24 hours occurs with 
74 mgrm. radium bromide per gramme of 
zinc sulphide, which strength I find to be 
equivalent to the light of the glowworm. 
On the other hand, the actual brightness, 
within limits, is roughly proportional to 
the radium content, of freshly prepared 
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samples. It should be borne in mind 
that the brightness of such materials 
rises rapidly during two or three weeks 
following their preparation, reaching a 
maximum, and then falling continuously 
thereafter. This initial rise is due to the 
growth of radium emanation which attains 
a maximum in 30 days. The decay 
following is mainly due to destructive 
action of the alpha rays on the zine 
sulphide. 

It is therefore of very great importance 
to determine the order of brightness 
necessary for certain purposes, and not 
to exceed this required value, since any 
addition beyond this point adds to the 
expense and diminishes the life of the 
material. 

There are other factors which modify 
the brightness of such materials. For 
example, I have found, particularly in 
the case of powder which does not com- 
pletely fill the enclosure, that currents of 
radium emanation may exist, and the 
flow of this emanation from point to point 
within the enclosure may produce local 
patches of brightness and uneven dis- 
tribution of luminosity. Bright patches 
may also be produced by local cooling, 
which causes local condensation of the 
emanation products of short period. The 
coloration of the glass containing vessel 
also affects the luminosity tests, and 
should be allowed for. 

This discolouration is an indication of 
the storage of radio-active energy by 
ionization, and in some cases it is possible, 
by the action of heat, to cause the 
material to luminesce, releasing the radio- 
active energy, and thus removing the 
discolouration. An experiment I am 
performing with a piece of crystal which 
has been exposed to radium illustrates 
this. (Experiment.) You will also observe 
from the appearance of this piece of 
broken porcelain evaporating dish ex- 
hibited that the discolouration is in this 
case essentially a surface phenomenon, 
the glaze only being darkened, but with 
glass the colour permeates the entire 
solid. 

Up to the present time no satisfactory 
means of regenerating these materials has 
been found, although this is possible with 
some substances. The diminution in 
brightness, as stated above, cannot be 
attributed to decay of the radium com- 


ponent, and is believed to be due mainly 
to deterioration of the zinc sulphide during 
bombardment. In cases in which the 
powder is enclosed in glass, the trans- 
parency of this may also be affected by 
the radium in course of time, and_ the 
same applies to the varnish used as a 
binding material when the compound is 
applied in the form of luminous paint. 

It is to be noted that the mixture with 
varnish is equivalent to dilution of the 
radium element ; speaking generally, the 
brightness of material of given compo- 
sition used as varnish will be about one- 
quarter of the value when used in the 
form of powder. 

Such materials have many important 
applications in connection with the war, 
and the whole subject offers an oppor- 
tunity for profitable research, and de- 
serves to be more closely studied. 


II.—SOME APPLICATIONS OF FLUOR- 
ESCENCE AND PHOSPHORES- 
CENCE. 


By J. 8. Dow. 


The subject for discussion is one on 
which little is generally known. These 
phenomena, and their relation to the 
complex problems underlying the pro- 
duction of light, are of great interest to 
the Society. The use of luminescence in 
such illuminants as the flame arc, the 
mercury vapour lamp, and possibly the 
incandescent mantle, are of interest, as 
suggesting the possibility of more efficient 
light-production than can be obtained by 
incandescence effects; and also because 
they involve free vibrations of certain 
wave lengths, offering the hope that 
eventually we may be able to control the 
colour of light for various purposes, as 
easily as we now control the intensity. 
The firefly has long been regarded as one 
of the most efficient sources of light, and 
researches on phosphorescent substances 
suggest that such forms of * cold light,” 
though relatively feeble in intensity, have 
almost invariably a very high luminous 
efficiency. Yet the experiments on this 
point are a little doubtful in view of the 
very low luminosity, and the possibly mis- 
leading effect of the physiological com- 
plexities of the eye in such circumstances. 
From a scientific standpoint it would be 
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very desirable to determine the luminous 
efficiency of such processes with greater 
precision. 

The effect of such substances in the 
dark is also of interest in view of its bear- 
ing on the matter discussed at the last 
meeting—-the influence of glare and 
contrast. The visibility of these sub- 
stances depends very much on the state 
of adaptation of the eye. A small patch 
of luminous paint, particularly the blue 
light from phosphorescent calcium sul- 
phide, can only be seen with difficulty by 
an eye recently adapted to ordinary 
artificial. light. On the other hand, in 
the writer’s experience, the brighter forms 
of self-luminous paint may, to a fully 
dark-adapted eye, produce an effect not 
unlike actual glare. It is therefore very 
important, as Mr. Glew has suggested, to 
determine the minimum brightness re- 
quisite for various purposes, and not to 
exceed this minimum. Another effect, 
also clearly in evidence with the blue light 
of calcium sulphide, is the “ spreading ” 
of the light at distances exceeding a few 
feet, owing presumably to the chromatic 
aberration of the eye. Again, a patch 
subtending a small angle of the eye 
appears much less bright than a relatively 
large area, which also tends to make the 
surface painted fade out of sight, and, 
indeed, become invisible to direct vision, 
at a short distance away. These effects 
limit the applications of such substances 
in their more feebly luminescent forms. 
Except wien one can deal with relatively 
large areas, they are best suited to near 
vision. For the same reasons the photo- 
metry of a small area may not give the 
true effect of their use over a large 
surface. One becomes aware of the com- 
plexity of the problem in attempting to 
compare the brightness of two patches of 
zinc and calcium sulphide. Shortly after 
excitation the latter appears brightest at 
close quarters (a few inches away), but 
viewed from the other side of the room 
this is no longer the case. The zinc 
sulphide now appears the brighter. Yet 
at a later stage the brightness of the 
calcium sulphide may persist when that 
of the zinc sulphide has vanished. 

It would seem well worth while to study 
the possibility of producing materials 
which would give a strong yellow or 
orange, or even red phosphorescence. 


The substances at present available for 
this purpose give but a feeble and transi- 
tory luminosity. But there seems no 
physical reason why phosphorescence in 
this region of the spectrum should not be 
produced in useful intensity, and the 
apparent low luminosity at present 
obtained may be due chiefly to the fact 
that at low illuminations the eye is com- 
paratively insensitive to these rays. 

The same applies to materials excited 
by radium. I should like to ask Mr. 
Glew if he has made any. experiments 
with materials which would fluoresce 
yellow or red under the action of alpha 
rays. Through the courtesy of Mr. 
W. S. Andrews, of the General Electric 
Co., U.S.A., I have here a series of small 
discs of various materials which give a 
very wide range of fluorescent colour 
under the light from an iron spark; I 
have asked Mr. Landor to exhibit this 
along with his other specimens. If such 
colours can be excited by the iron spark 
it is not inconceivable that similar effects 
might be excited by radium. 

As regards the order of brightness met 
with, it would appear from tests by 
various observers on various self-lumin- 
ous paints (zine sulphide) that the follow- 
ing rough rule might be tentatively sug- 
gested, namely, that the actual brightness 
in equivalent foot candles is rather less 
than one-tenth of the radium content in 
one gramme of composition. Thus 0.4 
composition (7.e., material containing 
0.4 milligrams to one gramme of radium 
bromide and zinc sulphide), yields about 
0.04 ft.-candles, and 0.2 composition 
about 0.02 ft.-candles (7.e., about the 
brightness of a white surface illuminated 
by full moonlight). For reasons already 
given, it is impossible to state such a rule 
with precision, but as a rough guide this 
may be useful in the case of freshly pre- 
pared material which has approached its 
maximum brightness. To much more 
powerful compositions it may not apply ; 
nor, of course, to materials which have 
undergone considerable deterioration. 

The brightness of zinc sulphide or 
calcium sulphide a few minutes after 
exposure at close range to a 50 watt 
electric incandescent lamp (which is 
tvpical of the type of source available to 
the ordinary householder) is already very 
much less than the “ moonlight ”’ value. 
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From tests on some samples of the 
calcium sulphide “luminous buttons ” 
the writer has found that, after the above 
exposure, they were practically indis- 
tinguishable to direct vision at a distance 
of ten feet, within an hour after exposure 
Thes: buttons were about 1} inch in 
diameter. The brightness in such circum- 
stances would, therefore, not be of much 
help in enabling people to avoid being 
run over by vehicles; but they might 
be useful in preventing collisions of 
pedestrians in very dark areas, besides 
being an interesting novelty. On the 
other hand, if such material was available 
in large quantities for coating kerbs, 
lamp posts, etc., the larger area treated 
would alter the problem, and they might 
possibly have applications in places 
where there is practically no artificial light 
provided, or in enabling a party to keep 
in touch with one another when traversing 
a wood at night. The successful use of 
such devices seems at present to demand 
conditions of such low luminosity as 
practically excludes the use of artificial 
light. Otherwise a piece of white card 
may appear equally bright. On _ the 
other hand, little is known regarding the 
persistence of luminosity excited by 
sources very rich in ultra-violet light, 
such as the quartz tube mercury vapour 
lamp. After such exposure effects suffi- 
ciently permanent to be used for thea- 
trical effects are said to have been pro- 
duced. Luminous paint is also said .to 
have been used for coating buoys and 
other marine objects, the luminosity in- 
duced by the sun’s rays being reproduced 
during the dark hours of the night. In 
the absence of any artificial light this 
project seems more feasible, especially 
in the strong sunlight of the tropics. 
Luminescing materials have been found 
use‘ul for many special purposes since the 
outbreak of war. If phosphorescing sub- 
stances could be produced commercially 
on a large scale and at a cheap rate, 
new applications would doubtless present 
themselves (for example in underground 
passages and mines, for luminous danger 
signs and other notices, &c., and for adver- 
tisments and spectacular purposes). In 
small quantities their successful use seems 
to demand frequent excitation by 
sources rich in ultra-violet rays. The 


writer has tried coating switches with 
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calcium sulphide, but the relatively low 
general illumination in an ordinary in- 
terior is not as a rule enough to produce 
a useful effect. 

On the other hand, the self-luminous 
materials, continuously excited by 
radium, have already many important 
special applications. The chief present 
limitations to their wider use are scarcity 
of supply and expense. It has, however, 
been recently calculated by a writer in 
the Electrical World that the weaker and 
less expensive forms of such materials 
could be used for coating switches at a 
cost of only 1d,—1}d. per switch. 


IIIl.—_THE PHOTOMETRY OF LUMIN- 
ESCENT SUBSTANCES. 


By Artnur Box. 


The measurement of the brightness of 
fluorescent and phosphorescent substances 
is rendered difficult by two factors 
(i.) the colour of the light, the spectrum 
of which usually consists of bands or 
lines situated mainly in the green or blue ; 
and (ii.) the relatively low luminosity. 
Both of these factors tend to introduce 
the Purkinje effect. Fortunately, the 
chief data required are usually relative, 
and one can thus work throughout with 
a coloured screen placed in front of a 
comparison lamp, and designed to give 
a colour which more or less matches the 
light of the material tested. If one 
wishes to obtain absolute values of 
brightness, allowance must be made for 
the absorption of the screen; but the 
procedure for effecting this introduces all 
the physiological difficulties attendant 
on heterochromatic photometry at low 
illuminations. An approximate colour 
match may be obtained fairly easily, for 
example, by the use of signal green glass 
in testing phosphorescent zinc sulphide. 
but unless the spectral composition of the 
two lights compared is substantially 
identical, errors may be introduced by 
the order of luminosity at which the test 
is made, the part of the retina upon which 
the image is received, and perhaps, also, 
by the size of the photometric surface 
employed. 

Various photometric methods have 
been devised for dealing with this class of 

















substances, and in these a colour-match- 
ing screen is almost always employed. 
In the method described by N. E. Dorsey,* 
a Jamp is moved back and forth behind 
a translucent screen forming one end of 
a box, and the luminous compound under 
test is mounted on the outer surface of the 
screen either in the form of paint on a 
card slip or in powder form in a thin- 
walled glass tube. Identity of colour is 
produced by a colour filter placed inside 
the box between the lamp and the screen. 
With this arrangement, the tested sample 
appears as a luminous island in a sur- 
rounding sea formed by the variably 
illuminated screen, and provided that a 
sharp line of demarcation can be obtained 
between the island and sea, there is 
much to recommend this plan. It is 
well known that immediate contiguity of 
the two luminous areas under comparison 
greatly facilitates the determination of 
photometric balance. 

Mr. W. 8. Andrewst uses a small lamp 
sliding in a tube, and having a colour 
screen and a plano-convex lens which 
gives an evenly illuminated comparison 
field, 1} inches in diameter, at one end 
of the tube. The material under test is 
either painted on a glass slip or is used in 
powder form in a cell made by cutting 
a circular hole 1} inches in diameter in 
paper of suitable thickness placed be- 
tween glass plates. In use the two 
luminous discs are seen side by side 
slightly separated from each other. 

In the methed used at the National 
Physical Laboratory for comparing the 
luminosity of painted dials, a stencil 
replica of the dial under test is uniformly 
illuminated from behind by means of a 
glow lamp. and a colour screen. The 
stencilled and actual dials are mounted 
side by side, and by means of a variable 
resistance the candlepower of the lamp 
is brought tq such a value that the 
luminosities of the stencilled figures and 
those on the actual dial are the same. 
By an independent calibration with a 
surface-brightness photometer, the bright- 
ness of the stencil for any resistance 
setting is known. Here, the mean effect 
over the whole of the surfaces viewed is 
judged, and as long as the dials are smal] 








* Bull. Wash. Acad. Scienze, Jan. 4th, 1917. 
+ General Electric Review, Oct., 1916. 
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there should be little difficulty in doing 


this. But if the dials are large, the 
various figures will be at different dis- 
tances from the eye, and it would appear 
that trouble may be introduced on that 
account. The method, however, has the 
advantage that by enabling finished dials 
to be dealt with in their entirety it gives 
a final comparison of their merits, whereas 
if small samples of paint are measured 
there is always the possibility that varia- 
tions in the finished article may be intro- 
duced during the painting operation, for 
example, by irregular mixing or uneven 
application of the paint. 

In another scheme, developed by Prof. 
Clinton and Mr. Dow for measuring some 
very small samples in association with 
the speaker, the sample is viewed at a 
constant distance from the eye through 
a small opening in a white screen placed 
at an angle of 45 degrees to the line of 
sight and to the axis of the photometer 
bench (the line of sight being normal to 
the bench axis). The opening is of such 
a size as to be completely filled by the 
luminous specimen fixed behind it—.e., 
the “island and sea” plan is adopted. 
The inverse square of the distance of the 
lamp from the screen at photometric 
balance is proportional to the luminosity 
of the sample. 

A point to be borne in mind in speaking 
of the photometric values of self-lumin- 
escent substances is that the luminosity 
of the material in powder form is con- 
siderably higher than when the material 
is mixed with varnish or other substance 
to form a paint. Moreover, the thick- 
ness of the layer tested to some extent 
determines the foot-candle value. A 
further factor which may influence the 
result in the treatment of the substance 
in regard to exposure to light before the 
test. In the case of substances like 
Balmain’s compound, this is obviously 
a matter of prime importance, but with 
materials depending on radio-active ex- 
citants for their luminosity, the effect of 
previous light action is, as far as the 
speaker is aware, not yet thoroughly 
known. Indeed,.is very evident that 
for the systematic specification of these 
self-luminous substances standard - test 
conditions still remain to be worked out, 
and this perhaps is another matter that 
might be taken up by the Society. 
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Mr. Glew has mentioned the presence 
of a mass of radium emanation resting 
on the surface of a bottle of luminous 
zinc sulphide in such a manner as to 
produce a localised patch of enhanced 
brightness. The effect seems to deserve 
further investigation, and it would be of 
interest to know from Mr. Glew if the 
emanation is always located in the upper 
part of the containing vessel; also to 
know if he has any numerical data as to 
the ratio of the local brightness to that 
of the main body of the material. 

For some purposes, a single photo- 
metric measurement on any of these 
materials may suffice, but usually it is 
equally important to know the rate of 
luminous decay with the lapse of time. 
It is somewhat remarkable that although 
the chemical and physical sides of radio- 
activity and phosphorescence have- been 
brought to a very advanced stage, very 
little appears to have been published on 
the luminous values of the substances now 
under discussion, and one looks almost 
in vain for data on the practical matter 
of variation of foot-candle values with 
time for a compound of a given nature. 
The present activity in night operations 
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doubt, the results of tests extending over 
moderately long periods will be available 
presently. Such tests require very great 
care, for at best the initial luminosities 
under measurement are small, and after 
some time they sink to values that are 
very difficult indeed to measure, at any 
rate by the eye, which after all is the 
instrument with which the substances 
are used in practice. The products now 
used commercially have brightnesses of 
the order of a few hundredths of a foot- 
candle, and give nearly monochromatic 
lights. These are conditions that tax 
the photometrist, and the repetition of 
observations to 5 or 6 per cent. in tests 
of this nature would indicate very good 
work. 

On the whole, there seems to be a large 
field for the application of photometric 
methods in the investigation of these 
substances. The subject of self-lumin- 
escent materials is at the interesting stage 
where practical applications are emerging, 
and those who are conversant with the 
better known applications of photometry 
in lighting work generally might well 
devote attention to the investigation 
of the luminous phenomena exhibited 








in war has caused a very great demand by the class of bodies now being 
for self-luminous compounds and, no discussed. 
DISCUSSION. 


Mr. A. L. Lanpav said that the relega- 
tion of the word ** Phosphorescence ” by 
Stokes to express merely the after-light 
exhibited by certain substances after 
exposure to visible light or the longer of 
the ultra-violet rays had proved very 
unfortunate. Mr. Glew had told them 
the derivation of the word “ Phosphores- 
cence,’ yet the phosphorescence of 
phosphorus could no longer be spoken of, 
which was rather absurd. It must be 
called * luminescence,” a term invented by 
Wiedemann to express the old-fashioned 
meaning of phosphorescence. Most 
people had never heard of the word 
luminescence and persisted in using the 
word phosphorescence, sometimes with 
the new meaning, sometimes with the old, 
and endless confusion arises. Personally 
he should like to see the words lumines- 
cence and fluorescence both discarded and 


phosphorescence restored with its old 
meaning and some simple word, not ending 
in ““—escence ” used to describe subsidiary 
phenomena. (How absurd it would be to 
call the magnetism of soft iron, while it 
was an electromagnet, “ fagnetism ” 
and to call only its permanent magnetism 
“magnetism.” Yet it was just this 
absurdity that had occurred in connection 
with phosphorescence !) 

Certainly it was sometinies of practical 
importance that a substance should 
exhibit no after-light, for instance in the 
case of X-Ray screens, but at other times 
the value of substances depended on this 
very quality of giving an after-effect, e.g.,in 
the case of luminous paints. Scientifically 


it was also of importance to notice whether 
or no after-light occurred and try to find 
out why this should be; but these were 
subsidiary phenomena. 























As an illustration he was showing some 
manganiferous zinc sulphide exhibiting no 
after-light, and also some chemically 
identical material, exhibiting much after- 
light. He could make a whole series 
between the two, and do the same thing 
with dozens of other materials, e.g., with 
other varieties of zinc sulphide, artificial 
silicates, tungstates, sulphates, phosphates, 
etc. The same point could be demon- 
strated by merely varying the temperature. 
After-light, in short, was a matter of 
subsidiary importance and it was absurd 
that the word phosphorescence, which 
was formerly used to embrace essential 
phenomena, should be relegated to denote 
what is merely a sub-sidiary operation. 
However the word luminescence had now 
been generally substituted, and one must 
bow to authority in this matter. 


As Mr. Glew had explained, Lumines- 
cence is applied to the emission of light 
from a comparatively cold source ; hence 
the term “cold light.” But one should 
not leave out of account possible cases of 
luminescence accompanying  incandes- 
cence. The incandescent mantle was a 
case in point. It owed its brilliancy to 
selective radiation, and its light was not 
due purely to incandescence. It emitted 
but little ultra-violet light as compared 
with green, but was not nearly so hot as 
it looked. This was really a case of 
* Thermion-luminescence.” This should 
not be confused with ‘* Thermo-lumines- 
cence,” the light emission which took 
place when certain substances were 
warmed after having been exposed to light 
or some other excitant. As an example 
of the latter - effect he was exhibiting 
some powder which had been exposed 
to light 24 hours previously. It was 
barely possible to detect any luminosity 
now, but when the powder was dusted 
over a warm plat: it sparkled brilliantly. 
(Experiment. ) 

It was not likely that thermo-lumines- 
cence would be commercially important, 
but thermion-luminescence undoubtedly 
would become, more and more, the 
rival of pure incandescence; inexpensive 
luminescence was dependent on “ torrents 
of ions’ being available. 


Burning magnesium owed its brilliancy 
and actinic powers chiefly to thermion- 
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luminescence and the flame was not 
nearly so hot as its ultra-violet character 
would suggest. 

He was now going to show some experi- 
ments illustrating luminescence in various 
colours under the action of a spark 
between iron electrodes, which was very 
rich in ultra-violet light. He was indebted 
to Dr. Walmsley, Principal of the North- 
ampton Institute for the loan of the ultra- 
violet apparatus, and to Mr. W. S. 
Andrews of the General Electric Co. 
(Schenectady, New York) for a number of 
sketches of flowers and other objects 
executed in lum‘nescing materials and giv- 
ing the most artistic colour-effects under 
the influence of ultra-violet rays. Among 
these was a representation of a church 
window, which had nothing special in its 
appearance by ordinary light, but when 


_ excited by ultra-violet rays showed the 


most beautiful blending of colours. The 
series of discs of different materials, also 
prepared by Mr. Andrews, to which Mr. 
Dow had referred, served to show the 
variety of colours that could be produced 
in this way. (Experiment.) 

An interesting possible application of 
this phenomenon was illustrated in the 
next experiment. He had two ordinary 
ten shilling notes, one of which had been 
partially coated with certain luminescing 
materials. By ordinary light both 
appeared identical, but under the ultra- 
violet rays the coated note showed white 
and green luminescence. This method 
might be applied to guard against the 
forging of bank notes and cheques. A 
private mark could easily be made on a 
genuine cheque or document and the 
cashier, by utilising an exposure to ultra- 
violet light could determine in a moment 
if it were genuine. Suitable substances 
could be obtained which it would take 
years of research to imitate, but which, if 
incorporated in a bank note, would 
not be noticeable by ordinary light but 
immediate'y revealed in ultra-violet 
light. 

The specimen of manganiferous zinc 
sulphide which he exhibited was a good 
example of tribo-luminescence. Willemite, 
manganiferous zinc silicate, under power- 
ful mechanical treatment was exceedingly 
brilliant. Neither of the substances 
shown was crystalline, so there was not 
much truth in the text-book statement 
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that tribo-luminescence was caused by 
the rupture of crystals. 

In the Moore vacuum tube a form of 
lighting luminescence had been used on a 
practical scale for lighting. There was 
formerly an example of this form of 
lighting at the escalator in Liverpool 
Street station. Such tubes were only 
suitable for general lighting when of con- 
siderable length. Mr. W. 8. Andrews 
had proposed to increase their afficiency 
by placing in them aluminium sheets 
coated with such substances as zinc 
sulphide and willemite. He exhibited a 
model of such a tube. 

Over a century ago it was discovered 
that the Toricellian vacuum in a mercury 
barometer became luminescent if the 
barometer was moved. Some mercury 
tubes he was now going to show were the 
outcome of this old observation. The one 
first exhibited utilised a partial vacuum 
containing neon and also willemite. The 
best result of all was obtained from 
willemite in a partial air-vacuum, but he 
had unfortunately broken the only tube 
of this kind that he had possessed. The 
idea of using the noble gases, and also 
the conception of using willemite was due 
to Mr. Andrews, who had presented him 
with the ‘‘ shaker tubes” he had exhibited. 
The preparation of the materials used 
therein required some care ; he understood 
from Mr. Andrews that of all specimens of 
willemite, natural and artificial, which he 
had used only the variety made by the firm 
with which he (Mr. Landau) was associated 
was suitable for use in these tubes, and he 
had found no other solids of any kind that 
luminesced therein. He was inclined to 
think that such tubes, if methodically 
developed, might have some useful 
practical applications. 


As regards Mr. Dow’s remarks on the 
duration of the luminosity from luminous 
paint, I have previously pointed out that 
in a town like London there is a faint 
glow even on the darkest night and that 
the reflection of this glow from a piece of 
white paper is as bright as luminous 
paint two hours after exposure to a 
source of light. It is therefore desir- 
able that) such materials should be 
exposed for a few seconds every two 
hours, or more frequently. There is 


no trouble in re-exposing a luminous 


badge and large fixed surfaces may be 
reactivitated by a portable actinic light. 
In out-of-the-way places where there is no 
appreciable reflection from white paper, 
luminous paint, even without frequent 
exposure, is quite useful, as has been 
found in many instances since the out- 
break of war. 

Apart from such useful effects, how- 
ever, buttons, flowers and the like are of 
service as “scientific toys” that bring 
home to the general public the existence of 
these curious phosphorescent phenomena 
and stimulate interest in a subject of con- 
siderable importance. 


Mr. C. C. Parerson said there were 
many points in Mr. Glew’s paper one 
would like to discuss. While at the 
moment it was not possible to enter into 
many details of the subject he would like 
to refer to one or two points. For the 
past eighteen months they had been 
actively engaged in investigating the 
luminosity and rate of decay of luminous 
compounds mainly in connection with 
work for the Admiralty, and the results 
which would shortly be available would, 
he thought, be satisfactory from the point 
of view of the life and luminosity of 
materials after long periods. An impor- 
tant point to remember, however, is 
that when in powder form before applica- 
tion to dials, radium luminous compound, 
after a rapid initial rise, commences to 
fall in luminosity at the rate of between 
4% and 5% per week. The rough rule, 
therefore which Mr. Dow had suggested 
would apply fairly well when the material 
was at its maximum luminosity but 
naturally would not do so when it was two 
or three months old and the brightness 
had deteriorated by a variabie amount 
according to the nature of the composition 

The ordinary standard paint used for 
dials when kept in powder form, falls to 
half its value in about six months. A 
considerable amount of material used 
for special war purposes, which is not 
mixed with varnish, might be in store for 
this period. One must, therefore not set 
too high a standard in the expectations 
formed of the brightness of such materials 
at the beginning of their useful life. As 
Mr. Glew points out, the rate of decay of 
the compound is considerably less when 
mixed with varnish and painted on dials. 





























The apparatus he had brought to the 
meeting was not the actual apparatus 
used for testing dials, as this was too bulky 
for convenient exhibition, but would serve 
to show the principle which had been 
evolved by himself and Mr. Walsh for 
measuring the luminosity of dials. The 
painted dial to be tested was compared 
with two similar stencilled dials, figures of 
equal dimensions being cut out of metal 
sheets. Behind these stencilled artificial 
dials was a translucent surface illuminated. 
by the light from a metal filament lamp, 
passing through a sheet of suitable green 
glass so as to give a colour match with 
the luminous paint on the dial tested. 
The brightness of the background is 
calibrated in candles per sq. millimetre 
according to the voltage on the lamp 
illuminating it, and one then knows what 
is the brightness of the stencilled figures 
placed in front of it. The luminosity of 
the background can then be adjusted by 
altering the current through the electric 
lamps until the figures on te artificial 
dials and the dial under test appear 
equally bright. 

In the first apparatus made they had 
used one single artificial dial, but it was 
found that the relative positions of the 
single artificial and the test dials affected 
the result of test and better results had 
been obtained by using two artificial dials, 
one on either side of the dial tested. 
When, in the first arrangement, the two 
dials were arranged one above the other, 
it was found that most people tended to 
assign a higher value to the lower dial 
than the upper one; on the other hand, 
when the dials were placed side by side 
some people favoured the dial on the right 
and some the dial on the left; they 
seldom got the same value. By using 
two stencilled dials, one on either side of 
the dial to be tested one got an impartial 
result. They found it best to look 
slightly above the dials and judge, not by 
direct but by slightly peripheral vision, 
looking alternately at the dials. In this 
way one might expect to repeit single 
readings to within 10 per cent. and the 
ean of five readings to about 5 per cent. 

He had been very much interested to 
see the sketch Mr. Blok had drawn of the 
photometer involving a small aperture in 
the photometric screen behind which was 
placed the material to be tested. This 
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apparatus was practically identical with 
one they had been using at the National 
Physical Laboratory. It was interesting 
to see how, in dealing with these problems, 
other people had been led to adopt the 
same methods. This was quite a satis- 
factory method, much better than the 
device of placing the luminous compound 
in front of the photometric surface. 

He did not agree with Mr. Blok that 
the Purkinje effect need seriously affect 
the accuracy of absolute determinations of 
surface brightness of luminous compound. 
This would be the case if the coefficient of 
transmission of the green filter were 
determined at a high illumination and 
applied to the case of the low illlumination, 
but if this determination were made by a 
number of observers at approximately the 
equivalent illumination of the paint itself, 
the result should be a true absolute value 
in terms of the average of those observers. 
In their own measurements they had used 
a sample of luminous compound as a 
comparison source for the determination 
by the substitution method. 


The Cuarrman (Mr. F. J. Cheshire), 
after inviting further contributions to the 
discussion, moved a cordial vote of 
thanks to Mr. Glew for opening the 
discussion; they were greatly indebted 
to Mr. Glew and the other gentlemen who 
had arranged demonstratidns for an 
interesting evening. 

The subject was one of considerable 
importance at the present moment. 
Mr. Paterson had rightly emphasized the 
importance of the rapid falling-off in 
luminosity which takes place in a freshly 
prepared mixture of radium and zine 
sulphide. Generally speaking such mix- 
tures would not come into actual use for 
some considerable time after being 
prepared so that the light emitted 
during this period was for all practical 
purposes lost. If Mr. Glew could only 
give to one of his magical tubes a small 
dose of something which would place the 
radium mixture in a condition of sus- 
pended animation the difficulty would be 
met. The ideal mixture, of course, 
would be one that suddenly attained its 
maximum brightness in, say, two months’ 
time and maintained it to the end of its 
life. At the present time, however, the 
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greatest luminosity was attained at a 
period .when it was not required. 

Another important problem was the 
discovery of recuperating the zinc sul- 
phide after it had been exposed to pro- 
longed bombardment by the radium. If, 
for example, we could submit a mixture of 
zinc sulphide and radium in which the 
zinc sulphide had been bombarded to 
extinction, to powerful ultra violet light 
or some other excitant which would 
restore its original luminous power this 
would be a most valuable result. 

At the present time the activities of 
scientific societies interested in such sub- 
jects were naturally concentrated mainly 
on utilitarian results. But in doing so 
they often became aware of new problems 
requiring investigation and it was most 
important that all such matters should be 
kept on record for future investigation 
when they were free to devote themselves 
more fully to the more academic lines of 
research. 

Since the outbreak of war the services 
of the scientific societies had been of very 
great value in dealing with urgent pro- 
blems. The particular problem under 
discussion was one that required much 
wider study and he was very glad to see 
that it was being brought to the notice of 
the members of the Illuminating Engi- 
neering Society. 


The Hon. Secretary (Mr. L. Gaster) 
proposed a vote of thanks to the Chairman 
for presiding at the meeting, in spite of the 
many urgent calls upon his time. He also 
wished to emphasise the Society’s indebted- 
ness to Mr. Glew and the other gentlemen 
for the interesting demonstrations 
provided. 

The subject was one of very great 
interest to the Society, and the presence 
of Mr. Cheshire in the Chair was an indi- 
vation of the importance which was to be 
attached to many of these phosphorescent 
and fluorescent effects for war purposes. 

His attention had been drawn to these 
phenomena on the occasion of a visit to 
the United States, now ten years ago, 
when he had an opportunity of seeing the 
collection of luminescing materials of 
Mr. W. J. Hammer in New York, and of 
witnessing some striking pictorial effects 
in various colours under the action of the 
ultra-violet rays. 
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Apart from its scientific importance, 
phosphorescence might have many impor- 
tant applications in the future. Already, 
in connection with his work on the Safety 

‘ First Council, his attention had been called 

to the possibility of using luminescing 
materials in the form of armlets, or for 
painting kerbs, lamp posts, etc., so that 
they could be seen in the dark. 

It was most important for them to be 
able to form some idea of the reliability of 
luminescing materials for such purposes 
and it would be most useful if a series of 
tests could be undertaken in order to 
ascertain the order of brightness that was 
requisite to give a useful effect, and the 
suitability in practice of the substances 
at present available. 


Mr. F. Harrison GLew, in reply, ex- 
pressed his appreciation of the kind way 
in which the vote of thanks proposed by 
the Chairman to himself and the others 
who had arranged demonstrations had 
been received. The Society was to be 
congratulated on the interest they were 
taking in these problems, which were of 
national importance, and he would like 
to add that the attention devoted to the 
subject by the Chairman had been an 
element of very great consequence in 
furthering research in this fascinating 
field of study. As the Chairman re- 
marked, they were now all primarily 
engaged in the study of the practical 
application of the materials already 
available. But he felt quite sure that 
after the war the matter would not be 
allowed to drop, and would be the 
subject of much more research than was 
possible at present. Taking a _ broad 
view, it would be found that the phe- 
nomena they had to study in connection 
with fluorescence and phosphorescence 
had a vital bearing on the fundamental 
problems connected with the production of 
light. They were therefore essentially such 
as should receive attention at the hands 
of the Illuminating Engineering Society. 

Added: 

With reference to the point raised by 
Mr. Dow as to the behaviour of substances 
giving yellow or red luminescence, I have 
examined the varieties of phosphorescent 
zinc sulphide, yielding yellow and red 
light, both of which, however, gave very 
disappointing results when mixed with 























radium, although the response to light 
is good. The green variety is by far 
the most effective with radium. Samples 
giving the most persistent) phosphor- 
escence with light are not always the 
most suitable under Alpha radiation. 
Structure, apart from composition, plays 
an important part, for if the crystals are 
ground to powder there is very little 
response to any kind of rays. 

As regards Mr. Blok’s question about 
the very bright patches which I have 
noticed in a closed vessel containing 
radium compound, in one instance on 
measurement I found the patch to be 
over four times brighter than the general 
surface luminosity; I have observed 
much brighter effects. I have never 
seen this effect anywhere else than on 
the upper surface of the powder. This 
interesting effect is still being investigated ; 
it is due to circulation currents of the 
gaseous radium emanation mixed with 
air. This emanation is continually 
changing with radium “ A,” which is a 
solid, remaining where deposited by the 
convection currents of air. This solid 
deposit of Radium ‘* A” would in itself 
give increased brightness because each 
atom of it gives off another Alpha particle 
then becoming Radium “ B,” which again 
in its turn changes into Radium “ C,” 
which gives further Alpha particles, 
also Gamma rays—still further increasing 
the luminosity locally, first determined 
by the “A” deposit. The time period 
required for the rise and decay of these 
luminous spots coincides with the equi- 
librium periods of “A,” “B,” and “C.” 
In the Journal of Réntgen Society I have 
shown that Radium “A”’ is deposited 
by a relative difference of temperature of 
only a few degrees. The practical point 
is that these extra bright patches must 
mean a reduction of lummosity elsewhere 
in the mass of compound which is there- 
fore variable in brightness. 
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As the Chairman had pointed out, it 
was highly desirable to temporarily 
suspend the activity of these compounds 
until actually required for use—un- 
fortunately the physicist is at present 
powerless to alter the rate of change of 
radio-active substances; a system of 
cold storage would be a great economy, 
especially for the dry powder form, but 
a certain amount of reserve action might 
be obtained by mixing the powder with 
the varnish in cases where it would be 
used as paint before sending to distant 
countries, as the varnish would cut down 
the activity to about one-fourth, pre- 
venting initial wasteful action on the 
zinc sulphide. 

The alternative problem of recuperation 
of spent zinc sulphide is fascinating and 
important. I will give ultra violet light 
a trial as suggested; however, daylight 
has not the desired effect. I tried this 
on one occasion by exposing to daylight 
one-half of a flat tube, five inches long, 
of old spent radium compound. The 
exposure lasted a few weeks. The result 
was a very slight increase in luminosity, 
but close examination revealed the fact 
that this was due to discoloration of 
glass, not to revival of the zinc sulphide. 
Fortunately zine sulphide is not damaged 
by daylight, one specimen test surface, 
half of which was exposed to daylight, 
including direct sunlight, continuously 
for over two years, does not indicate 
any deterioration on comparison with 
the covered half. On the other hand each 
Alpha particle is a projectile, absolutely 
destructive, producing 90,000 ions. I have 
demonstrated elsewhere* that solids so 
exposed may be in a condition of mechani- 
cal stress, as indicated by the buckling 
and bending of mica: the crystals are 
probably similarly strained to disruption. 


* Journal of the Réntgen Society, No. 44 
Vol. XI., 1915. 





3 





An Improved Form of Phosphoroscope. 


In the ‘General Electric Review for 
March, 1917, Mr. W. 8. Andrews des- 
cribes an apparatus enabling excitation 
by ultra-violet rays to be applied to any 
substance at rapidly recurring intervals, 
the resulting phosphorescence being ob- 


served in the intermediate intervals of 
darkness. The substance to be examined 
is placed in a light-proof case and a 
rotating shutter driven by an electric 
motor. The material is exposed, and 
then the ultra-violet rays shut off, about 
3,000 times a minute. The eye thus sees 
a continuous phosphorescent effect. 
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CORRESPONDENCE. 


THE LUMEN AS A MEASURE OF 
ILLUMINATING POWER 


Sir,—I have read with much interest the 
discussion on *‘ The Lumen as a Measure 
of Illuminating Power” in the January 
issue of The Illuminating Engineer. It 
seems strange to read this discussion in 
1917 when we, over here, have become so 
accustomed to the ‘“ Lumen” and to 
** Lumens per watt ” that we have almost 
forgotten that a lamp has a candlepower 
rating. 

“Candle Power,’ surely, is merely a 
rating and not a measure of luminous 
intensity. A ‘ 16 ¢.p.’’ lamp is a 16 ¢.p. 
lamp whether it is burning or not just as a 
250 h.p. engine (rating) is a 250 h.p. 
engine whether it is delivering energy or 
And just as the latter rating for an 
engine little unless the other 
characteristics (efficiency, overload, 
capacity, etc.) are stated, so the candle- 
power rating of a lamp means nothing 
unless the energy radiation, the visible 


not. 
means 


quality of this radiation measured as 
luminous flux, the luminous efficiency, etc., 
are given. Obviously the 
important things to know ebout any lamp 
are first its luminous flux, and second the 
distribution of this flux, as determined 
from its polar curve of “apparent candles ”’ 
(not candle power) or directly by its polar 
curve of flux density. 


also most 


The point I wish to make, however, is 
that the phenomena dealt with in illumi- 
nating engineering are psychological and 
Luminous flux in space is 
merely imaginary. Light from the view 
point of illumination not exist 
except in the brain, and then only as the 
sensations of brightness colour. 
Leaving colour out of our discussion, we 
may say that the eye sees brightness. 
Brightness should, therefore, be our start- 


not physical. 
does 


and 


ing point. 

In one of his papers some years ago 
Dr. H. E. Ives said that “the art of 
lighting is the art of the proper distribu- 
This is the crux of 


tion of brightness.”’ 


with 
are 


We 


other 


begin 
terms 


the whole question. 
brightness and _ all 

merely convenient ways of expressing it. 
If the projected area of the source of 
light is one square centimetre. and the 
flux of light therefrom is one Lumen then 
we say that the intensity of the brightness 
sensation caused by looking at the source 

is one lambert. This if bg be the inten- 

sity of the brightness sensation, S the 

area of a field or image, the totel visible 

effect is bopS=L, and this is called 

** Lumens.”’ 

But whether we express this luminous 
effect in terms of lumens, candles, foot- 
candles, etc., we are always dealing with 
the same thing. 

The illuminating engineer is more than 
a computer of ‘‘ Lumens.” He must 
also be a psychologist. It is his business 
to enable people to see properly, comfort- | 
ably and pleasantly. Having decided 
how an interior should lock he must next 


decide how the incident ‘* luminous ”’ 
flux must be distributed to produce the 
desired effect, and then consider the 


appropriate lighting equipment. 

The study of brightness leads us at 
once to a study, from the view point of 
illumination, of the multiplicity of 
materials that may constitute the field 
of view. We must familiarise ourselves 
with the reflecting and diffusing qualities 
of the materials of construction and 
decoration—peaints, papers, glass, both 
painted and dyed, woven materials, &c. 
Glare, contrast, and colour here enter the 
problem, so that it becomes very com- 
plicated. Indeed, the computation of 
lumens is child’s play compared with the 
preliminary brightness studies. 

I trust I have made it clear that the 
Lumen is a measure of the possibility of 
visual sensation. and is not a measure of 


physical flux. I emphasise this, not 
because there is anything inherently 
wrong in treating TIuminous flux, by 


courtesy, as a real flux; but because so 
many seem to have drifted unconsciously 
from this into thinking of the visible 
effect of radiant energy as a real flux in 
space and thus engendering the wrong 
view point of illumination. 
Yours, ete., 
BassETT JONES. 


[Owing to restrictions of space, this letter has 
been somewhat abbreviated.—Ep.] 
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ILLUMINATING ENGINEERING 
SOCIETY, U.S.A. 


Offer of Services to the Government. 


WE observe in the Transactions of the 
Illuminating Engineering Socicty, U.S.A., 
for March 20th, a note of the following 
resolution, which was made effective 
early in 1917: 

‘“ Resolved that in the present exigency 
the Council of the Illuminating Engineer- 
ing Society offer to the United States 
Government for the purpose of national 
defence every assistance within the scope 
of illuminating engineering which the 
Society can contribute, and that the 
General Secretary be and hereby is in- 
structed to transmit this resolution to the 
Secretary of War, the Secretary of the 
Navy, and to the Chairman of the Naval 
Consulting Bureau.” 

Letters of acknowledgment, thanking 
the Society for its offer of services, have 
been received from these three depart- 
ments. We are glad to see that the 
Society in the United States, like our own 
Society, has promptly placed its services 
at the Government's disposal, and we do 
not doubt that it will be able to render 
substantial assistance in many ways. 

In this country experience has fully 
confirmed the necessity of expert advice 
from the leading professional, scientific, 
and technical institutions being freely 
rendered to the authorities, and we may 
be sure that the United States Govern- 
ment will be quick to recognise the value 
of the services which scientists and 
engineers can render to the common 


cause, 





WORKSHOP METHODS OF OPTICAL 
TESTING. 


An interesting and well attended ex- 
hibition of Workshop Methods of Optical 
Testing was arranged by the Optical 
Society at King’s College, Strand, on 
the evening of Thursday, January 11th. 
The exhibition was very well attended. 
Among the exhibits we noted an instru- 
ment for the accurate determination of 
various elements in screw threads by the 
Cambridge Scientific Instrument Co., 
and a wave-plate for the rapid assess- 
ment of the double refraction existing in 
glass by Messrs. Chance Bros., Ltd. ; and 
some devices for testing the curvature of 
test plates, by Mr. 8. D. Chalmers. Dr. 
R. 8. Clay showed a series of instruments 
for determining the refractive index of 
liquids and transparent solids, and for 
measuring the angle between the optic 
axes and the magnifying power of 
binoculars. 

There was also quite an extensive series 
of exhibits by the Optical Department of 
the Ministry of Munitions, which included 
methods of testing telescopes, sights for 
rifles, binoculars, &c. The ‘“‘ inean- 
descent are’’ (Pointolite) lamp of the 
Edison and United Electric Co., Ltd., 
which is specially adapted to optical work, 
was on view. A development in these 
lamps is the production of small size 
units for galvanometer work. 

One particularly interesting item was 
a method of testing dials painted with 
radium luminous paint, which was shown 
in an adjacent dark room by the National 
Physical Laboratory. The luminous 
dials are compared with stencil plates 
having figures of similar size. These 
plates are illuminated from behind by 
an incandescent lamp screened with 
green glass so as to produce a colour 
match. The brightness of the “ artificial 
dials,’’ one of which is arranged on either 
side of the dial to be tested, is adjusted 
by altering the current supplied to the 
standard electric incandescent lamp. 
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TERMINOLOGY IN A LIGHTING CASE. 


A case that occurred within the last 
few months in Edinburgh, reported in the 
Gas World, illustrates the confusion which 
may be caused by the varied interpreta- 
tion of such phrases as “ minimum in- 
tensity ’’.in lighting regulations. 


We reproduce from our contemporary 
the account of the proceedings :— 


Before Sheriff Guy, in the Edinburgh Sheriff 
Court on the 28th ult., a solicitor, Mr. C. George, 
was charged with failing to reduce his house 
lights to the minimum intensity. 


Mr. George contended that the complaint 
ought to specify what was the effect from the 
outside of his alleged failing to screen his lights, 
whether there was more than a dull, subdued 
light visible, or whether any part of the pave- 
ment, roadway, building, or any other object, 
was distinctly illuminated. The complaint 
was irrelevantly stated, and the expression, 
“ did fail to reduce to the minimum intensity,” 
was not justified by the lighting order. 

Sheriff Guy said the meaning of the expression 
“minimum intensity’’ was ‘the weakest 
strength,” but Mr. George said he was in a fog 
as to the meaning of the expression. Under 
the order he was entitled to a maximum strength, 
which was a dull, subdued light. He was not 
tied down to “‘ minimum intensity,” which, he 
had been told, was absolute darkness. 

Sheriff Guy : With gas it would be a “ peep.” 

Mr. George: Yes, but electric light can only 
be shaded. 

Sheriff Guy: This is the first time I have 
heard this point of relevancy raised. Hundreds 
have pleaded guilty to this charge. They seem 
to have understood it. 

The procurator-fiscal contended that he had 
followed out pretty closely the wording of the 
order. 

Sheriff Guy: ‘ Minimum intensity,” what- 
ever it means, is not implied by the order. 
So far as I read the order, you may have the 
biggest blaze of light inside so long as you keep 
it inside. 

The Sheriff gave his decision the following 
day. He allowed the procurator-fiscal to delete 
the phrase “minimum intensity,” as it had 
evidently been taken from another section of 
the statutory rules and orders issued in regard 
to outside lighting. The object of the prosecutor 
his lordship said, was to impose a penalty upon 
persons + let too much light out of their 
houses at night. A further objection to the 
complaint was that there had not been sufficient 
specification, that the room of the house where 
the alleged light was showing was not stated. 
The meaning of the section was that persons 
who let too much light out of their houses 
paid the penalty. There was sufficient specifi- 
cation. They must keep these complaints in 
workable order, because it would be difficult to 
specify the particular window of a house. There 
was no prejudice eaused to anyone by not stating 
the exact room. 


LIGHTING RESTRICTIONS IN 
GERMANY. 


It appears that strict precautions were 
recently ordered to be adopted by the 
military authorities in respect of all towns 
in the Grand Duchy of Baden in order to 
minimise the dangers arising from raids 
by enemy aviators. The regulations 
forbid all exterior lighting and all interior 
light in houses, shops and restaurants, 
and factories must be carefully hidden by 
curtains. 

When the alarm signals are sounded the 
people must immediately leave the 
streets and take refuge in the nearest 
houses, the occupants of which are obliged 
to open their doors to them. It is strictly 
forbidden for people to assemble in the 
streets or open places. The new regu- 
lations came into force on October Ist, 
1916. 


LUMINOUS PAINT FOR SWITCHES. 


According to the Electrical World 
luminous paint of the so-called “ per- 
manent” variety is finding a useful 
application for coating switches, so as to 
enable them to be easily distinguished in 
the dark. It is proposed to coast press- 
buttons with a small amount of the paint, 
or to tip the screws attaching a switch 
to the wall. The cost of making and 
applying the paint for this purpose, which 
will contain only a_ relatively small 
percentage of radium bromide, works out 
to about four shillings per square inch. 
The extra cost of equipping a switch 
with sufficient paint should not, therefore, 
exceed about 1d. or 14d. In view of the 
small amount of radio-active material 
mixed with the zinc sulphide the deteri- 
oration of this paint will only be very, 
slow, and the useful life is estimated at 
10—15 years. 

For certain highly specialised purposes 
paints having a much larger proportion 
of the radio-active element are employed 
and in this case the brightness of the paint 
is naturally very much greater. The 
greater pbrilliancy, however, is only 
attained at the expense of useful life, as the 
bombardment of the zinc sulphide by the 
alpha-rays emitted by the radium bromide 
causes more or less rapid deterioration. 

















GAS LIGHTING IN A CATHEDRAL. 
Calculations on a Lumen-Basis. 


In this journal some particulars were 
given in 1916 of the interesting semi- 
indirect gas installation in the Cathedral 
of St. Peter and St. Paul in Philadelphia. 
Some additional information regarding 
the preliminary calculations of illumina- 
tion were given by Mr. J. D. Lee in the 
Transactions of the Illuminating Engineer- 
ing Society (U.S.A.) for October 1916. 

It was assumed that with this form of 
lighting the utilisation efficiency would 
be about 25 per cent., i.e, that only 
25 per cent. of the light derived from the 
lamps would be received on the working 
plane. 

The total lumens is therefore given by 
the formula :— 


Illumination x Floor | Area 
0°25 





In this case an intensity of illumination of 
one foot-candle was considered sufficient 
and the area to be lighted is approximately 
150 ft.—200 ft. 
quired are therefore :— 
150 x 200 x1 

0°25 


The total lumens re- 


- =104,000 lumens. 


The incandescent units of the types 
selected were previously found to give 
approximately 315 lumens per cub. ft. 
The consumption of gas required to light 
the floor area is thus equal to :— 


104,000 


“a 318 cub. ft. per hr. approx. 


Each burner of the type decided upon 
consumes 2°75 cub. ft. per hour., so that 
the total number of mantles needed would 
be about :— 





=115 approx. 


2°75 
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It was decided to use twelve appro- 


priately spaced units so that each unit 
would have, on the average, 10 mantles. 
the final 


arrangement comprised twelve units, six 


After various experiments, 


with fifteen mantles, and six with twelve 


mantles. The correct spacing would 


depend on the distribution of light from 
the units, and was also worked out 
beforehand 


A NEW SYSTEM OF CHURCH 
LIGHTING. 


A recent issue of the Electrical Review 


and Western Electrician contains an 


account of a highly novel form of lighting 
used in St. Adalbert’s Church in Chicago 
and subsequently applied to other 
of the basilica type. The 
application of modern illuminants to such 
churches has been a difficult problem. 


If they are installed on huge chandeliers 
of the type used in by-gone days, when 
only candles and oil lamps were available, 
the effect is apt to be incongruous and 
glaring; the chandeliers are difficult of 
access, making renewals of lamps a 
troublesome matter. 

A system of studded lights in the orna- 
ments of the columns and on the ceiling 
has been tried, but the method is open to 
the objections of glare, inefficiency, and 
difficulty of access. Purely indirect 
lighting is unsatisfactory for very high 
ceilings. 

In this case the problem has been met by 
a combination of direct and indirect light- 
ing, the lamps being arranged in aspecially 
designed moulded cornice running, on 
either side, the entire length of the church. 
The cornice is hollow and the direct 
lighting is afforded by lamps in appro- 
priate reflectors mounted in the under 
side. Above special units throw add- 
tional light on the ceiling and show off 
its ornamental nature. All the lights are 
out of the range of vision and easily 
accessible from a chamber running the 
length of the church immediately behind 
the moulding. 


churches 


Ps Se 
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LIGHTING THE DOME OF ST. PAUL'S. 


A correspondent writes to mention that 
in the Leisure Hour for 1872 he has 
discovered a suggestion, under the head- 
ing “‘ Public Illumination,” that the dome 
of St. Paul’s should be illuminated by 
electric light impinging upon it from con- 
cealed sources in various directions. 

This is one instance of the common 
experience of finding in old books and 
magazines ideas much ahead of their 
time. Another case is furnished by the 
(Euvres de Lavoisier, in which quite a 
comprehensive study of the design of 
reflectors is to be found. 

As our correspondent remarks, the 
writer of the above article has surely a 
good claim to be considered one of the 


pioneers of “ flood lighting.” 


FLOOD LIGHTING AS AN AID TO 
TRAFFIC, 


The dark conditions in our streets 
have recently emphasised the need for 
some method of identifying policemen 
engaged in the guidance of traffic. We 
note that in St. Louis, where the illumina- 
tion is presumably “ normal,” another 
novel device is being tried at certain 
important street intersections. In dark 
and foggy weather officers on duty have 
sometimes been struck by passing auto- 
mobiles and various devices have been 
tried to render them more visible. 

The latest method is to illuminate 
them by a searchlight beam, proceeding 
from a_half-watt lamp with focusing 
reflector, which is mounted on _ the 
second or third story of a building in 
the vicinity. This lamp throws a strong 
local light on the officer, and, to increase 
his visibility still further, he is equipped 
with white gauntlets. The method is 


said to have given great satisfaction. 


ILLUMINATING THE STATUE OF 
LIBERTY. 


We have often drawn attention to the 
value of concealed lighting as a means 
of making statutes and memorials visible 
by night as well as by day. In the 
United States the “flood lighting” of 
such memorials has made great. strides 
since the introduction of the gas-filled 
lamp, one of the most noteworthy 
examples being the illumination of the 
gigantic Statue of Liberty at New York 
Harbour, always one of the first objects 
to catch the eye of the visitor entering 
this port by day. 

The illumination is achieved by two 
hundred and fifty 250-watt lamps in- 
stalled in fifteen banks of projectors. 
The surface brightness of the statute is 
given in the Electrical World as about 
10 ft.-candles, and it is estimated that the 
statue itself thus becomes a_ source 
equivalent to about 6,000 candles. In 
addition the flaming torch carried by the 
figure yields about 4000—5,000 candles, 
and this alone contains in its glass 
500-watt 


specially arranged to give even illumina- 


structure fifteen lamps, 


tion. 


We understand that the cost of illumi- 
nating the statute was defrayed by 
public subscription, and President Wilson 
presided when it was first lighted up. 
The illumination of the statute in fact 
may be regarded as a public recognition 
of the possibilities of such spectacular 
lighting, and we hope that, when times 
of peace return, the significance of the 
step will not be lost on public bodies in 


this country. 
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EFFECTS OF BRIGHTNESS AND CONTRAST IN VISION.* 


By P. G. 


Dr. Kerk, in his recent paper before the 
Illuminating Engineering Society, men- 
tioned the need for more definite data on 
glare. Some experiments made by Mr. 
P. G. Nutting on this point are of interest. 

The chief factors of importance, as 
regards the effect of contrast on vision, 
are :—(1) photometric sensibility, the 
brightness just noticeable in adjacent 
fields ; (2) threshold sensibility, the lowest 
perceptible brightness; and (3) glare 
sensibility, the brightness which is just 
painfully bright. All these factors vary 
greatly with the general illumination. 
An eye adapted to a very low illumination 
can perceive a much lower brightness 
than an eye recently exposed to relatively 
bright conditions, but at alow illumination 
the percentage brightness detectable is 
much smaller. Also, as common ex- 
perience suggests, a relatively mild 
luminosity may be dazzling to the dark, 
adapted eye, whereas in full sunlight 
quite a high value may be endured with- 
out discomfort. These relations are ex- 
pressed numerically in terms of the three 
factors noted above. 

The results were obtained as follows : 
The eye was sensitised in each case to a 
certain brightness by viewing a white 
field illuminated to the proper amount. 
This field was 60 cm. square, and viewed 
from a distance of 35 cm., and was illumin- 





* Trans. I.E.S. (U.S.A.), Dec. 30th, 1916. 


NvuttInc. 


ated to intensities ranging from 0°000001 
millilamberts to 2,000  millilamberts. 
After sensitising, the light was switched 
off, and an attempt made to see a small 
square (30 mm. square) in the centre of 
the large square field, illuminated from 
behind. The brightness of this small 
square was adjusted until it could just 
be seen at the instant of switching off the 
brighter field. This “instantaneous 
threshold ”’ gives a measure of the sensi- 
bility of the retina when adapted to the 
brightness of the sensitising field. 


In obtaining the glare data a similar 
procedure was followed, except that in 
this case the brightness of the central 
patch was increased until it just appeared 
uncomfortably bright with the eye 
adapted to the given brightness of the 
surrounding field. 

(Presumably, in obtaining the “ Differ- 
ence Fraction” representing the change 
in brightness just detectable, all that was 
necessary was to alter the brightness of 
the central square until it could just be 
distinguished from the larger area, when 
the latter was illuminated to a given 
amount.) 


The following table shows the results 
obtained. Brightness is expressed in 
millilamberts (ml.) or lamberts (1.). It is 
convenient to remember that a milli- 
lambert is roughly equal to a surface 
brightness of one foot-candle. 


VISUAL SENSITOMETRIC DATA. 














Field Difference Discrimination Threshold Glare 
Brightness, Fraction. Factor. Limit. Limit. 
ml, ml. ml. 
0-000001 (1-00) 1-0 0-00000093 20-1 
0-00001 (0-66) 1-5 0-0000042 40-7 
0-0001 0-395 2°5 | 0-000019 89-0 
0-001 0-204 4-5 | 0-000087 186-0 
0-01 0-078 12-8 | 0-00039 400-0 
0-1 0-037 27-0 | 000174 810-0 
lh, 
1-0 0-0208 48-2 | 0-0081 1-66 
10-0 0-0174 57-5 | 0-036 3-42 
100-0 0-0172 58-1 | 028 7-25 
1000-0 0-0240 41-7 | 2-15 14-45 
10000-0 (0-048) (20-9) | (232-0) 30-90 











Cc 
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The “ Discrimination Factor” (B/dB) 
is the reciprocal of the Difference Fraction 
of brightness perceptible, and is thus a 
convenient measure of the photometric 
sensibility. It reaches a maximum of 
rather less than 2 per cent., about 10— 
100 millilamberts, decreases rapidly when 
the brightness falls much below 1 milli- 
lambert, and also decreases above 100 
millilamberts, owing to glare. The 
“ threshold limit,” as might be expected, 
shows enormous variations, according to 
the brightness to which the eye is adapted. 
Thus an eye dazzled by exposure to 1,000 
millilamberts can only perceive as light 
about 2 millilamberts, but an eye adapted 
to the low brightness of 0:000001 milli- 
lamberts can perceive about 0:0000009 
millilamberts. 

For determining the order of bright- 
ness which will just cause glare, Mr. 
Nutting gives the useful relation, G= 
1700 B°.**, G being the glare value and 


B the brightness to which the eye is 
adapted. 

An examination of columns (1) and (5) 
in the table shows that at 10 millilamberts 
(about the brightness usual on the work- 
ing area in a strongly artificially lighted 
room), the glare limit is 3,470 milli- 
lamberts. The glare-ratio is thus 347. 
At 100 millilamberts, similarly, the glare- 
limit becomes 72°5. 

These figures thus give some support 
to the suggestion that the ratio of brightness 
met with in ordinary interiors should pre- 


ferably not exceed 100: 1, but this ratio may 


safely be exceeded considerably at very 
low illuminations. At a brightness of 52 
lamberts, which is about four times as 
bright as white paper illuminated by 
direct sunlight, the field itself appears 
glaring, even with bright surroundings, 
and we have reached the condition of 
“absolute glare” (this is a brightness 
equivalent to about 12 ¢.p. per sq. in.). 








LIGHTING AT THE MERSEY DOCKS. 


A correspondent of the Liverpool 
Journal of Commerce recently drew 
attention to the need for better illumina- 
tion in the Mersey Docks. “ If there is 
one thing more than another that the 
modern captains of industry are agreed 
upon,” he says, “ it is that it is economi- 
cally sound to have as much light and 
space as is possible in which labour opera- 
tions are to be carried on.” Yet it 
appears that the conditions of lighting in 
the docks are often unsatisfactory. The 
lights are fixed, and not movable, and 
there are not switches for individual 
lamps, with the result that all must be 
turned on when work is in progress. 
Even so, light is frequently shown at 
points where it is not wanted, leaving 

. adjacent regions in semi-darkness. 

A frequent bone of contention between 
shipowners and their master porters is the 
payment for light in the winter months, 
between the hours of 7—8 a.m. and be- 
tween 4 and 5 p.m. In this connection 
the correspondent remarks: “It cer- 


tainly does seem to me only right that 
as the Board provide the sheds they should 
also provide the lights to work in them 
during ordinary working hours.” 


ILLUMINATION OF THE NIAGAR 
FALLS. 


One of the latest applications of 
“ flood lighting” in the United States is 
the illumination of the Niagara Falls by 
concealed gas-filled incandescent lamps 
in concentrating reflectors. One hundred 
such lamps, each credited with and 
equivalent candlepower of about 500,000, 
are used. The shelters in which the 
lamps are placed will, in course of time, 
be completely covered with ivy and moss, 
thus forming an entirely inconspicuous 
feature in the landscape. 


HEADLIGHTS ON LOCOMOTIVES IN 
THE UNITED STATES. 


We notice that, according to Popular 
Mechanics, the Intérstate Railway Com- 
mission in the United States has ordered 
that all railway locomotives shall be 
equipped with headlights which will be 
strong enough to enable a person in the 
engine cab to see a dark object the size 
of a man at a distance of 1000 feet from 
the engine. 

This decision has been taken as a 
result of an investigation lasting severa] 
years. 
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this Section, and 
with illumination. 


welcome the receipt of a 





TOPICAL AND INDUSTRIAL SECTION. 


—=ee Gem 


[At the request of many of our readers we have extended the space devoted to 
are open to receive for publication particulars of interesting 
installations, new developments in lamps, fixtures, and all kinds of apparatus connected 


The contents of these pages, in which is included information supplied by the 
makers, will, it is hoped, serve as a guide to recent commercial developments, and we 
i bona-fide information relating thereto.] 











THE HOLOPHANE ILLUMINATION 
CALCULATOR. 


We have before us an interesting little 
device for illumination calculations, pro- 
duced by Holophane, Ltd. It consists 
of a three-page, stiff-backed booklet, 
which can be easily slipped in the pocket. 
The centre page carries the calculating 
device, the two pages on either side being 
devoted to explanatory data and tables. 

It is somewhat difficult to explain the 
nature of the calculator in a brief space. 
But it consists essentially of two discs, 
fitting one above the other and capable 
of rotation, the upper one having appro- 
priate slots at top and bottom which fall 
respectively above scales denoting area 
lighted and heights of reflectors. In 
using the apparatus the operator must 
first decide whether direct, semi-indirect, 
or indirect lighting is to be used and 
adjust the position of the lower disc 
accordingly. He may then move the 
upper disc until the pointer marked 
against the top space indicates the area 
of the squares into which the room is 
assumed to be divided for lighting 
purposes. A table gives the order of 
illumination needed for various purposes 
in practice, and a double circumferential 
scale, running round the calculating discs 
enables the lumens corresponding with 
this illumination to be determined. A 
second table gives the wattage of lamps 





required to produce these lumens with 
ordinary and “ half-watt’”’ incandescent 
lamps respectively. 

The apertures on the lower part of the 
disc then enable the height of suspension 
to be read off (or in the case of indirect 
and semi-indirect lighting the distance of 
suspension from the ceiling). 

The method of use, illustrated by a 
worked example, is set out on the left- 
hand page, and definitions of the chief 
photometric quantities are given. A 
leaflet accompanying the calculator gives 
fuller details. 

It should, of course, be realised that 
the calculator is essentially adapted to 
Holophane units, and that, in order to 
make use of it with intelligence, the 
operator should understand the funda- 
mental principles of lighting calculations, 
He ought, for example, to be able to form . 
some idea of the correction to be applied 
for reflection from walls and ceilings. 

The calculator should be of consider- 
able utility to lighting engineers who are 
constantly engaged in planning Holophane 
installations, and the method by which 
the various factors entering into such 
problems are related in the apparatus is 
highly ingenious. We notice that the 
calculator is brought up to date by giving 
the illuminating values of lamps in 


lumens—a very desirable step in view of 
the fact that it applies both to vacuum 
and gas-filled lamps. 









pee tease a 
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“HOW BETTER LIGHTING YIELDS 
YOU MORE PROFITS.” 


Under the above title a very well-got- 
up little booklet has been issued by the 
National X-Ray Co. of Chicago. The 
first page carries a hand with out- 
sttetched fingers labelled respectively 
‘Increased Output,” ‘* Less Spoilage,” 
‘Fewer Accidents,’ ‘* Better Working 
Conditions,” ‘ Better Light for Less 
Money.” Looking on, we find several 
telling sketches under the title, ‘‘ The 
Evils of Glare,” showing particularly how 
the worker at the lathe is handicapped if 
the light shines straight into his eyes 
instead of falling on the work, and how 
a man carrying molten metal may easily 
trip over obstacles on a_badly-lighted 
floor. It is stated that 50 per cent. of 
all accidents are due to falling. (From 
the Report of the Home Office Depart- 
mental Committee on Lighting in Fac- 
tories in this country it appeared that 
at least a very considerable proportion of 
the accidents are due to this cause in 
certain trades.) Dr. W. H. Tolman, 
Director of the American Museum of 
Safety, is quoted to the effect that 
adequate lighting would probably prevent 
25 per cent. of the existing avoidable 
accidents in factories. 

Several pictorial diagrams illustrate 
the advisability of using an appropriate 
reflector to concentrate the light on the 
work. Finally there is a page devoted 
to flood-lighting and showing how units 
of this kind may be applied in the factory 
to enable unloading work by night gangs 


to proceed in the open. 


BENJAMIN LIGHTING UNITS. 


A recent list issued by the Benjamin 
Electric, Ltd. (la, Roseberry Avenue, 
E.C.) contains up-to-date particulars of 
the firm’s lighting units and appliances, 
especially those for industrial lighting. 


A particularly useful line is the series of 
enamelled white vitreous reflectors for use 
with half-watt lamps, and semi-indirect 
and special shop-lighting units are also 
listed. 


We notice that within the last few 
months the page has been increased to 
standard catalogue size. While some 
may regret the departure from the very 
convenient previous dimensions, capable 
of insertion in the pocket, the larger area 
of the new page doubtless facilitates the 
assembly of illustrations, polar curves 
and data on dimensions, &c., in a more 
complete manner than hitherto. 


OSRAM LAMPS. 


A recent list of Osram lamps, issued 
by the General Electric Co., Ltd., brings 
the data for ordinary Vacuum and gas- 
filled (*‘ Atmos’) lamps up to date. 


We note the interesting information 
that the necessary plant for producing 
argon gas, which is necessary to ensure 
maximum efficiency in the smaller sizes 
of gas-filled lamps. is being erected at the 
Osram-Robertson Lamp Works at Ham- 
mersmith. On the back page is a photo 
of the Company’s glass works at Lem- 
ington. 


B.T.H. WIRES, CABLES, AND 
ACCESSORIES. 


List No. 10800 is concerned with the 
** Parambo ” wires and cables issued by 
the British Thomson-Houston Co. These 
wires, cables, and flexibles are made in 
accordance with the C.M.A. specifications 
and supplied in great variety. 

In view of the appeal from the Cable 
Makers’ Association that contractors 
during the remainder cf the war should 
use solid instead of small stranded cables, 
thus releasing stranding machines for 
war purposes, the catalogue is of special 
interest. 























LAMPS FOR CAR LIGHTING. 


We have received from the B. T. H. Co. 
copies of additional books in their series of 
incandescent electric lamp handbooks— 
viz., Nos. 2 and 3 dealing with lamps for 
battery service (20 volts and below): for 
automobiles, general batteries, flashlight 
lamps, and surgical lamps. 

These handbooks should be most useful 
to engineers, contractors, and other users 
of electric lamps. No. 2 
complete glossary of 


contains a 
definitions with 
classifications of lamps, full information 
and technical data in respect of all types 








Se ee 


British Made tn Rugby, England 








New B. T. H. Car Lamp Show-Card. 


of battery lamps, and detailed dimensional 
drawings of all the lamps and the lamp 
caps. In addition, full details and informa- 
tion are given regarding prices and sales 


terms to the various classes of purchasers, 

No. 3, the lamp bulb guide for car 
lighting, is a most comprehensive list 
and must have entailed a considerable 
We are 


amount of work in preparation. 
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particularly struck by the series of tables 
giving the candlepower, consumption, 
voltage,ete.. of lamps usedwith pracuically 
the chief European and American makes 
of cars. 

The L. & W. S. Department of the 
B. T. H. Co. are desirous of having a copy 
of this book in the hands of every 
electrical trader and trade user. Copies 
of these booklets will be sent on request 
to the L. & W. 8. Department, 77, 
Upper Thames Street, E.C.4. 

The illustration is a reproduction of a 


show-card of automobile lamps. 


We have also to acknowledge the 
receipt of the latest B. T. H. Heating List 
(No. 10600A), which describes the Calorite 
luminous radiators, flat 


electric fires, 


irons, kettles, ete. 


VARIOUS. 


A new battery show-card, executed in 
four colours, has been issued by the 
Edison Swan Electric Co., Ltd. (Ponder’s 
End, Middlesex). 


labels for the the 
trade generally are being issued by the 
Z Electric Lamp Manufacturing Co., Ltd. 
These labels are supplied free of charge 


Adhesive use of 


overprinted with customer’s name and 
address. 





We have also received from the same 
firm a variety of advertising literature 
relating to catalogues, battery, flashlight, 
and candle lamps, etc., practically the 
whole of which can be overprinted free of 
charge, with the names and addresses of 
trade buyers. 





The offices and stores of the L. P. 8. 
Electrical Co. have been transferred to 
more commodious premises at 14, 
Howick Place, Westminster, 8.W.1. The 
new telephone number of the firm is 
‘* Victoria 7346.” 
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REVIEW OF BOOK. 


“* Welfare Study; What it is,’ by Cecil 
Walton. 


We have had occasion many times 
during the last year to refer to the 
admirable work being done by the Welfare 
Department at the Ministry of Munitions. 
Without this movement the difficulties 
of organising large sections of labour in 
the unfamiliar conditions in munitions 
factories especially women labour, would 
have been enormously increased. 

The little book by Mr. Cecil Walton 
explains in a readable manner the nature 
of welfare work. He illustrates the field 
of the welfare supervisor by explaining 
how the worker’s needs in such matters 
as canteens, clothing, recreation, ambu- 
lance work, etc., are catered for; but 
even more important, perhaps, is the 


“human touch” introduced in the 
relations between management and 
employees. The welfare supervisor, 


acting as the trusted intermediary 
between manager and staff, is often able 
to understand and smooth away causes 
of friction which might otherwise have 
developed into serious trouble ; in other 
cases, however, where the employees are 
clearly at fault, the evidence of the wel- 
fare supervisor has naturally great weight 
in showing that the management's 
attitude is not unreasonable. 

The booklet is illustrated by anumber of 
photographs showing the nature of work, 
canteen arrangements, etc., in munitions 
factories. It is interesting to note that, 
by the scientific economy of effort, 
women munitions workers are now able to 
deal with the larger types of shells, of a 
size which it would have been judged 
impossible for women to handle before the 
war. 

Most people, we believe, who study tius 
movement wil! heartily endorse Mr. 
Walton’s terse statement: ‘“‘ Welfare ! It 
pays, Sir, every time!” 

We may add that full particulars of 
welfare organization will be furnished to 
anyone interested in the subject who 
applies to the Ministry of Munitions, 
Welfare Section, 11, Whitehall Gardens, 
London, 8.W.1. 


EXHIBITION OF MUNITIONS WORK. 


An exhibition was opened in the 
Building of the Royal Colonial Institute, 
London, on March 26th, under the super- 
vision of the Ministry of Munitions, 
relating specially to women’s. work. 
Visitors had an opportunity of appreciat- 
ing the variety of operations in munitions 
work now carried on by women, and a 
number of technical photographs furnished 
a useful record of the progress made in 
this direction since the outbreak of war. 


PERSONAL. 


Mr. B. J. Grigsby, A.M.I.E.E., who was 
associated with the Benjamin Electric, 
Ltd., London, from 1908 onwards, 
returned last December to the United 
States, where he is now vice-president 
and general manager of the Anderson 
Electric Speciality Co., 562—564, West 
Van Buren Street, Chicago. 


Mr. G. L. F. Philips, Glow lamp works, 
Eindhoven, Holland, has been nominated 
Doctor honoris causa by the Senate of the 
Technical University at Delft. 














Claims paid 
over £8,500,000. 





By Appointment. 


GENERAL 


Accident Fire and Life 
ASSURANCE CORPORATION, Ltd. 


General Buildings, Perth, Scotland. 
General Buildings, Aldwych, London. 
Established 1885, 


WAR ECONOMY. 





In consequence of the War, the cost of 
building material and labour has increased 
nearly 50 per cent. Ali owners of property 
should therefore increase their Fire Insur- 
ances ; this they can do at little or no 
extra cost by taking a Fire Bonus Policy 
with this Corporation, and thus effect a 
saving of 20 per cent. of each premium. 











Particulars on receipt of post card al 
cither of the above Offices. 


F. NORIE-MILLER, J.P. 
General Manager. 
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COUPON INSURANCE TICKET 


Applicable only within the United Kingdom. 


GENERAL 


ACCIDENT FIRE AND LIFE 
ASSURANCE CORPORATION, LTD., 


Chief Offices— 
GENERAL BUILDINGS, PERTH, SCOTLAND. 
GENERAL BUILDINGS, ALDWYCH, LONDON, W.C. 
F, NORIE-MILLER, J.P., General Manager, 


To whom Notice of Claims under the following conditions must be sent within 
seven days of accident. 


$950 TWO HUNDRED AND FIFTY POUNDS will be paid by the above Corporation to 
the legal personal representatives of any person who is killed by an accident causing 
matcrial damage to the passenger train in which the deceased was travelling as a ticket 
bearing or paying passenger, or who shall have been fatally injured thereby, should death result 
within one calendar month after such accident. Provided that the person so killed or injured 
had upon his or her person, or had left at home this coupon, with his or her usual signature, 
written prior to the accident, in the space provided below, which, together with the giving of 
notice within seven days to the above Corporation is the essence of this contract. 

This Insurance only applies to persons over 14 and under 65 years of age, is subject to the 
conditions stated above and contained in the General Accident Fire and Life Assurance Corpora- 
tion Act, 1907, and holds good for the current month of issue only. 

No person can recover under more than one Coupon Ticket in respect of the same risk. 








SAIL siiccensienntieniicieaiens isin PO NO piemaniaiias ace petelinisicaaehabipsecwehsbbiiagitaaian asad 


This Coupon must not be cut out but left intact in THE ILLUMINATING ENGINEER as that 
being dated, forms the only evidence of its currency. 
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LIGHTING REGULATIONS FOR LONDON. 


In an Order issued by the Home 
Secretary early in the present year it was 
laid down that :— 


(1) Any public lamp or lamps in the 
Metropolitan Area Police District or the 
City of London, which the Commissioner 
of Police, acting on the advice of the 
Field Marshal Commanding-in-Chief, 
Home Forces, directs to be lighted or 
retained in lighting, must be lighted 
accordingly, and must be reduced, shaded 
or obscured as the Commissioner of 
Police may direct. 
(2) The Lights (London) Order of 
August 26th, 1916, shall, except as other- 
wise provided in paragraphs (5) and (6) 
thereof, apply as follows :— 
From 6 p.m. till one hour before sun- 
rise during January, 1917. 

From 6.30 p.m. till one hour before sun- 
rise during February, 1917. 

From 7.30 p.m. till one hour before sun- 
rise during March, 1917. 

From 8.30 p.m. till one hour before sun- 
rise during April, 1917.* 

From 9 p.m. till one-hour before sun- 
rise during May, 1917.* 

From 9.30 p.m. till one hour before sun- 
rise during June, 1917.* 

From 9 p.m. till one’ hour before sun- 
rise during July, 1917.* 

From 8.30 p.m. till one hour before sun- 
rise during August, 1917.* 

From 7.30 p.m. till one hour before sun- 
rise during September, 1917.* 


* These times wll be advanced by one hour 
during the p:riod covered by the Summer Time 
Act. 


ELECTRIC LAMP GLASS. 


The Ministry of Munitions has issued 
Orders prohibiting the manufacture of 
electric lamp glass unless the purpose for 
which such glass is required has been 
approved. ; 

Applications in reference to this matter 
should be addressed to the Director of 
Optical Munitions and Glassware Supply, 
Ministry of Munitions of War, 117, 
Piccadilly, W. 


ELECTRIC POWER SUPPLY. 


The President of the Board of Trade 
has appointed a Committee to consider 
vwnd report what steps should be taken, 


whether by legislation or otherwise, to 
ensure that there shall be an adequate 
and economical supply of electric power 
for all classes of consumers in the United 
Kingdom, particularly industries which 
depend upon a cheap supply of power for 
their development. All communications 
should be addressed to the Secretary, 
Mr. M. J. Collins, Board of Trade, 7, 
Whitehall Gardens, I.ondon, 8.W. 


SUMMER TIME (DAYLIGHT SAVING) 
ACT. 


A Report has been issued by the 
Committee appointed by the Home 
Secretary to enquire into the social and 
economic results of the Summer Time 
Act, 1916. 

The Report covers wide ground, wit- 
nesses being examined representative of 
many diverse interests, including agricul- 
ture, education, gas and electric supply 
undertakings, employers, and trade unions, 
&e. 

Taking the evidence as a whole the 
Committee find a preponderance of 
opinion in favour of the Act, not only as 
@ war measure but as a permanent 
institution. It is therefore reeommended 
that the Act should again come into force 
during the present year, and that its 
operation should cover the period from the 
second Sunday in April to the third 
Sunday in September. 

In accordance with the Report of the 
Committee the Act came into force on 
Sunday evening, April 8th. 








USE OF GAS IN THE METAL 
INDUSTRY. 


At the Annual Meeting of the Institute 
of Metals on March 22nd, a series of 
papers illustrating the applications of gas 
for various metallurgical purposes were 
read. These include :—‘‘ Coal gas as a 
fuel for melting non-ferrous alloys,” by 
G. B. Brook ; “‘ Metal-melting by means 
of high pressure gas,’ by C. M. Walter ; 
‘* Metal-melting as practised in the Royal 
Mint,” by W. J. Hocking ; ‘‘ The. melting 
of brass and copper in a crucible furnace 
with coal gas fuel,’? by H. M. Thornton 
and H. Hartley. 








